Introduction
It has been suggested that both acute exposure to high levels of diesel exhaust (DE) particles and chronic exposure to low levels may impair respiratory functions and have various other detrimental effects 1) . The acute effects have primarily been due to the inflammation (upper and lower airways) and resulted in lung function changes especially in asthmatics and in subjects with concomitant obstructive pulmonary diseases 2, 3) . As shown in animal studies with chronic exposure, increased numbers of particles in the lung, alveolar macrophage reflux, chronic inflammatory responses, thickening of alveolar septa are caused by both the gaseous components and particulate content of DE. The hazards of particulate matter include oxidative stress and effects related to metals, hydrocarbon, acids, carbon core and ultrafine particles 1) .
Some previous studies have shown an association between chronic exposure to automobile exhaust and adverse effects on respiratory symptoms and pulmonary function in humans [4] [5] [6] . A few studies focused on manual tollbooth collectors reported acute irritative symptoms due to nasal and throat inflammation, nausea, headache and lower peak expiratory flow rates 7, 8) .
The aim of this longitudinal study was to evaluate the long term effects of DE on pulmonary function of a highly specific occupational group named as toll collectors.
Subjects and Methods
A total of 58 highway toll collectors (HTC) working 8 h a day in tollbooths in Kaynasli and Golyaka towns in Duzce, a city in the northwest part of Turkey, constituted the study group. Between September 2002 and September 2005, subjects were invited to perform annual pulmonary function tests. The data of subjects with at least two sets of lung function measurements were used in analysis. Thirty seven office workers in same company served as controls. All of the study group and controls were men. All workers participated in the health check-up, which was carried out primarily at the hospital of Duzce University. A respiratory questionnaire regarding respiratory complaints (dyspnea, cough, sputum and chest tightness), previous pulmonary diseases, family history for respiratory diseases and smoking status was completed by all subjects 9) . An informed consent was obtained from all subjects and the study was approved by Duzce University Faculty of Medicine Ethics Committee. Questionnaires were administered by the same physician who also performed the physical examination and spirometric measurements. Spirometric measurements were performed using the same spirometer (Vitalograph Alpha). All annual measurements were done in spring. Calibrations and the measurements were performed in accordance with the guidelines recommended by the American Thoracic Society (ATS) 10) . According to the ATS criteria, individual spirograms were acceptable if exhalation time was satisfactory (e.g. 6 sec). Measurements fulfilled the reproducibility criteria if two largest FEV 1 Each serial test can be compared to the LLN to determine whether the worker's pulmonary function has deteriorated significantly regarding to his/her measured baseline value.
A third formula was used to evaluate the first and the last year of the follow-up changes in few cases (toll collector #7 and controls #3 and #4). LLN = 0.85*baseline -(N years of follow-up *0.025) 11) .
Statistics
SPSS version 11.0 for Windows was used for data description and analysis. The χ 2 test was used for testing differences in the prevalence of respiratory symptoms among the groups. Comparison of spirometric measurements was performed by t-test for two independent samples. Association between variables was analyzed with χ 2 (or when appropriate Fisher's exact test) and MannWhitney U-test. The change in lung function (∆FVC and ∆FEV 1 ) was defined as the difference between lung function at the last observation and the first observation (negative values indicate a decrease in lung function). Individual lung function changes were evaluated by comparing the lung function at first and last observation using paired t tests.
A p-value less than 0.05 was considered as statistically significant.
Results
Mean age was 34.1 ± 6.5 yr in toll collectors and 34.4 ± 7.4 yr in controls. Mean working duration of toll collectors and controls were 12.9 ± 4.3 and 14.5 ± 8.2 yr, respectively. Thirty six toll collectors (62.1%) and 25 controls (67.6%) were active smokers and no significant difference was observed between groups according to the smoking status. Three toll collectors have had history of asthma, pulmonary tuberculosis and pleurisy, respectively. Four controls reported history of asthma, pulmonary tuberculosis (2 subjects) and cardiac valvular replacement, respectively.
Higher rates of sputum (41.4%) and dyspnea (10.3%) were reported by toll collectors, but there were no significant differences between groups related with respiratory complaints (p>0.05). The aspects of respiratory symptoms in subjects are seen in Table 1 . No differences were observed between toll collectors and controls related to the presence of cough or sputum at least 3 months a year, duration of cough or sputum, presence of winter cough, presence of wheezing under age of 16 yr.
The changes in FVC, FEV 1 and MMF values within the study period are shown in Table 2 The data of toll collectors and controls whose followup lung function values were below LLN are shown in Table 3 and 4, respectively. Twelve subjects (20.7%) in the group of toll collectors and four (10.8%) in the control group were found to have FEV 1 or FVC below LLN. The difference between the two groups did not reach statistical significance (p>0.05). Both FEV 1 and FVC were found simultaneously to be below LLN in four toll collectors, but in no subject of the control group. Four toll collectors showed only FEV 1 below LLN and four other toll collectors only FVC below LLN during the followup period. In the control group, two subjects had only FEV 1 below LLN and two other subjects only FVC below LLN. Number of spirometric measurements that were performed for each same subject was shown in Table 5 . No significant differences were observed between groups according to the data obtained from same subjects underwent spirometric measurements for 2, 3 or 4 times.
Discussion
The results of the current study suggest that the follow up of FEV 1 and FVC values for four years did not show an accelerated decline in toll collectors compared to office workers, who served as controls, in the same company. However, the number of toll collectors who had at least FEV 1 or FVC below LLN (12/58) was more than that of office workers (4/37).
In a longitudinal study including 5,682 female adults living in the Tokyo metropolitan area were followed up for 8 yr. The subjects were divided into three groups by the level of air pollution they were exposed to during the study period. The concentrations of nitrogen dioxide and suspended particulate matter were the highest in group 1, and the lowest in group 3. The subjects living in areas with high levels of air pollution showed higher prevalence rates of respiratory symptoms (especially phlegm and breathlessness) and a larger decrease of FEV 1 (-0.020 l/y vs. -0.009 l/y) compared with those living in areas with low levels of air pollution. The authors concluded that since the traffic density is larger in areas with high air pollution, the differences among the groups may reflect the effect of air pollution attributable to particulate matter found in automobile exhaust 12) . The major drawbacks of our study were the limited sample size and shorter duration of observation. However, sputum and dyspnea were the most recorded complaints by toll collectors similar to females living in Tokyo metropolitan. Toll collectors and controls with spirometric measurements for three times showed no difference according to the rate of annual difference in either FEV 1 (-21.3 ± 133.1 ml/yr vs -44.3 ± 166.6 (ml/yr) or FVC (13.2 ± 202.9 ml/yr vs. -16.1 ± 204.2 ml/yr). On the other hand, the number of toll collectors who had FEV 1 and FVC values below LLN during the observation period was more than those of controls. An important point to keep in mind was that high SD were related to abnormal distribution and extreme values of mean annual changes in flows in subjects with spirometric measurements for 2, 3 and 4 times. If we could observe toll collectors for longer periods, the decrease in annual expiratory flows might be detected. Furthermore, an improved method proposed by Hnizdo et al., defining the reference limit of longitudinal annual FEV 1 decline (LLD) based on the precision of the spirometric data, should be introduced in future studies 13) . DeToni et al., in a study including 290 traffic policemen, reported no difference in the 5 yr follow-up data of FEV 1 and FVC between traffic policemen and administrative workers. Authors found that upper respiratory symptoms were higher in traffic policemen 14) . The results of that study were found to be similar to those of the present study. The present study shows that no significant differences were observed between toll collectors and office workers according to the absolute values of expiratory flow rates within the follow-up time. There were no significant differences in annual changes in FVC, FEV 1 and MMF among toll collectors. Additionally no significant annual changes were seen in expiratory flows among smoker-nonsmoker toll collectors and controls in the present study. Working conditions of traffic policemen such as working primarily outdoor can be a reasonable explanation for unchanged follow-up expiratory flows in the study by DeToni et al. One could be expected that exposure to exhaust indoor (garages, non-ventilated tollbooths) might be hazardous at shorter durations. Although no significant differences were observed according to the annual changes in FEV 1 and FVC among toll collectors, toll collectors with decrease in FEV 1 and FVC below LLN were more than controls. Karacan et al., in a study including 251 traffic policemen, have found that annual mean FEV 1 loss was 26 ml for traffic policemen (28 ml and 24 ml for smokers and non smokers, respectively) and 7 ml for control group during two year follow-up period 15) . Difference between the studies by DeToni and Karacan might be related to different air pollution degrees, laws about preventive measures against air pollution in two countries (Italy and Turkey).
The present study has some limitations including small sample size (due to the transformation of tollbooths to an automated system) and relatively shorter observation periods. On the other hand, some outcomes of the present study such as the detection of higher rates of decreased FEV 1 and FVC below LLN, and presence of sputum and dyspnea in toll collectors would provide a remarkable impetus in terms of conducting new studies in this area.
